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Abstract

The Sub-seasonal to Seasonal (S2S) Prediction Project is established by the World Weather Research
Program (WWRP) and World Climate Research Program (WCRP) to fill the gap between medium-range
weather and long-range or seasonal forecasts. In recent years, the S2S forecasts have become to apply in
monsoon and cold wave prediction. However, the performance of S2S products in forecasting daily pre-
cipitation is not evaluated at the global scale. Accordingly, this study evaluated the S2S precipitation
products from 10 forecasting centers using five evaluation metrics including correlation coefficient, ab-
solute bias, probability of detection, false alarm ratio and Heidke’s skill score, aimed to provide refer-
ence for the application of S2S precipitation products in hydrology, agriculture and other fields. The re-
sults show that the skill of S2S precipitation forecasts decrease with the increase of the lead time, and
they almost have no forecasting skill after the 10th lead time. Within the lead time of 10 days, precipita-
tion products from ECMWF, UKMO, KMA, CNR-ISAC models have higher predictability than those from
other models, while the HMCR model consistently performs worse than other models in terms of fore-
casting daily precipitation for most regions of the world, other models perform moderately. In terms of
the spatial distribution, precipitation products from KMA and UKMO models are better at capturing the
characteristics of observed precipitation than other models in Australia, Northern Europe and East Asia,
while other precipitation forecasts perform slightly poor.
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1. 5|8

FEH ARG S, RATR IS TR o2 P, A 00 0 5%y B BL g e RUEE, - B BA R 22
— AN H Z A TR — BRSSO AU ST v RIS I R R B IR
ZE717 £|Z5 77 (Sub-seasonal to Seasonal, S2S)FIA 7T H , 3= ZEH 78 9 A BN+ R R BERI R, =1 Sy 9 A DA
TR, BAESGE R R REWREE /), SR KR IR BT W A g ER 2], Bl &k
ZET RO TR IR A T AE0 R R P By, B RV TUL K, AR T KAWIG6 2 A7 IX — B[] ROBE B %)
TRARSRAL A BB/ s[RI, 3X — B [ ROEEARRT T 0K SR AR AR A Rl R A, R HR AL TR A5 B> o Rk,
BOHAT IR N AE . 5 R AR =T S TOAR L, & Bk AR LR (3], FrEL, —E LR
IR B 27T ROBE (S s TINES N A — A “ T [2].

H AT, XF S2S I [B] R _F AT (A 7838 T ZE A A2 SR T T o« MR T CUTAS 1 =5 Toighont R Tl [4]
IRSCTM[S5] AKBTIEEBR[6]. /KA B[ 7], LARAEYD = 2 08155 77 i 77 . 1)L, ENAMEEIL 5
NS B K AR [3 ] FEHA[9] PA K AR 7t [X B 2= P S A8 A i A [ 10 R R W B2 2 AU 5 [ 11 7R R =10 RUBE
TARHAT T 456 0Pl Bh4h, Bombardi Z5[121RF T S2S W 7L I H A (K = A A RRIERULGTE T RIS, RIARK
R A R 2R AR AN 4 o) H AR R =T i g 77 BRI AR RISE N[13]4F S2S B BCC_CSM1.2 #4714
VFAL . X LR S AR I S2S TR B A — @ T SEME,  HEAT BRI PR AAAE — i IR HE S

N T I REANE] S2S i dE s ELER S R, 4 BR 11 ARl O L R ST T AN T I R R S5 T
e i) S2S s, 1ZEdE E 24T TIGGE (THORPEX Interactive Grand Global Ensemble) Ay 8 KA Flik Al
CHFP (the Climate-System Historical Forecast project) 2= 15 Fifk At 8 S 50 [ 14]. 724 S2S it 7= N H T
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S2.S IR Z=TT B2 RO 4 BR K Bk vk BE AR

IS AV EETIR 2 T, 75 0 AR A R 2 R PR AE D BEAT SR & VRO, SR H AT R BT 828 K
PURAE R FRUE AR IR CR. BRI, ASCRA TGRS BxHEMmZE . AR SRR LUK Heidke %
TIVPor 4R EL 5 UHEAR, X S28 oK™ i A A Bk RUSE 1 A B K TR RE AT HEAT VP4, DAY S28 BE/K TR ™ dh £E 7K
3 A ST N R — E 2

2. ARHIE
2.1. S2S i

S2S HEE AR HULMKIE 62 KT SLi S4 TR A A & Pk s . XSk B 11 AR TE B Filk
s, AEBIRPOIEREEGEES, FERMERFTEE . Wi, BRR S S 7w, F s
Tk A BT S, HAKILE 1. Vitart 25154 S28 B8 FEM T VEAN48.

BT IMA BB K S B TRARARR N T I B BER O, 8O T FE AR ORE A s b, AT RE S 151t
AR R TSR RAR . Rk, ASCHTE A& B IMA AR 10 ASTRER G A [ S K TR Bl i [l
SRR AR FE R 25— Lok g (I B) T AT I, T AHE SR TR o T E AN ] TR AR o B8 A= i ) TR
REJT, ARSCHTIE U TS B o & TR O B B B K TR PR A R TR B, BRI 1999~2010 4F. BbAk, BT & T
O B K TR PR BT TR BLAS ), A 3 B 50 g 5 TR o P A L TR N (Y R, s s HIATE Y, 3k
A 30 KT ARG o« T & TR RO B TR R AN ], e T O R T T VR FE AR AR
AEEANF (B0, BoM FEK TR H LR A Tk 6 I, I8 ARASTUARTE S 12 SRR A 6 x 12 x 12=
864 MEAF TN FRFRIITHER) . F4h, S2S FRKEHREHIAKF 23R A 0.5 % 0.5°

Table 1. Model settings of the S2S forecast products
1. 828 iR mENE AR B

Toghe e TR TR IR B TR )7 i RS KA
BoM E 1981~2013 2 0~62 K 6 X/ H 2 T
CMA Eils 1994~2014 % 0~60 K 1 /A = 2
ECCC ;A 1995~2012 % 0~32 K 1 K/ & i
ECMWF ;A itk 20 4 5 0~46 K 2 W = &
HMCR I 1985~2010 % 0~61 K 1 A 75 &
CNR-ISAC il 1981~2010 #0~31 K IRVGIPN i [
IMA [F 5T 1981~2010 #0~33 K 3IA & 5
KMA A 1996~2009 5 0~60 K 4 /A = =
CNRM i 1993~2014 % 0~61 K 2 /A 2 2
NCEP [l 52 1999~2010 2 0~44 K 1 /H = Z
UKMO ;A 1996~2009 % 0~60 K 4 ]/A 2 2

2.2. GPCC k&R

ASCH T8 S2S B K EHE (1 iU B 0 R B 7K B k)R 1 36 B A2 3R 4 7K {5 10 (Global  Precipitation Clima-
tology Centre, GPCC). GPCC &t TG LN E J7 K EHE F0, R KEOE 4 g 5 T 28K 4 85,000 4
RN 3 5, 30 5 476 1 45 2 P 4 R i s A B /K B B [ 16 0 AN SR IE FH A 4 Bk 1 B /K et ) /K P 28 ) O3 1
0.5 % 0.5°, B GPCC AL AIHHE 17K P2 0120 HE2 0 17 x 17, 0 TR FH PR B0 B R V247 30 25 1R oy R Ry
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0.5°x0.5° ItAh, R GPCC Bf/KEHE IR (8] 85 4 1999~2010 4.
3. WA

N T EEER S28 FEAKE i S GPCC B /KB fE R s b0 — BUHRAR G, A543 AR A T 4%l fi % (absolute
bias, ABias)FlH< & %(correlation coefficient, R)IX PN E A bR K ATPEAN . o, MR REFIR S28 Bk ™
iS5 GPCC FE/KEE 2 IR 2R AR DGFR B . aXHE 22278 S2S Bk i AHXS T GPCC /K 1 s 5 A2 FE
S2S &K= Xt B K A I g K F #8301 22 (Probability of Detection, POD). %5} % (False Alarm Ratio, FAR)
P} Heidke £ 15175 F6 (Heidke’s Skill Score, HSS)H T A . HAFRIIZRME, KU S28 MK/ S5 BF
IKFERIRIRAE B RN SRR, S IRFEE BN, Heidke F 5 PE 085045 A M S2S FA/K 7= St F /K F 4
R KNG TEREJI[17], HSS B, R E LAl PRI R TR

FRarE E AT
>((0,-0)(s,-5))
R=—= = (1)
\/g(o,. -0) ;(Si -5)
Zn:|0i —S,.|
ABias == ——— (2)
2.0,
FAR = — "0 3)
nyy + 1y,
PoD =" 4)
nyy + 1y,
2(”11 "Ny T 1y, '”01)
HSS = (5)

(nll +n01)(n01 +n00)+(n11 +n10)(n10 +n00)
K, O S BIRRE i(i=1,2,-,n) # GPCC Ml S28 7 {1 K, mm: O 1S 435K GPCC Fil S28
PRSP KR, mms n FORFEAR BN gy D S2S BEAKFEE A GPCC BE/K B 5 on B I REG o
N S28 BEK it Bon A AE GPCC B /KB R oM IR E: oy 9 S2S K™ i /R JTERIH GPCC /K #fE
RIRATIREL: ng N GPCC FE/KEHE A S28 7K 7™ i $4 R /s To g i R 2 e H K Bl #4401 mm (/)
THAEA A TERT, PRy i L B e =k 509 0.1 mm).
RAE L E A, BRI B R TULHI(1~30 R)& O FEK TR TP R AR TH S5 5, R dT S2S FeoK
FE AR A BRRUEE B K TR A

4. FRGER
4.1. S28 BEK IR BE SIBETR W HARYZEL

N T VP & B K SR i R R DBE TR AR A 3, AW Jedeiil T S2S BEK S S AEAS [ X IR & VR
FRARBE TSRS I BT A F XS P R AR AR a3 B IR A AR, S Tl iR, AR STR
PAZR O X A4 & 7 3 2 BT 8 VFA i A B TS R R A A O L 1) Horb, ARBIFSE F TR A IX R PPAN 48
PRI SE A 20°N~50°N, 100°E~145°E, H A& PEUFRFR 1028 SR 35 0 A T DX B A v s R~ F- 3548« 1] 1wl
FRRE. WM. Heidke BV 748 5t 25 70 IR AT FRAR, 1 ZE06HE s 22« 25 R 2R B 4 T (9 19 <
MK, SETE, SN FEAR AR A B S T W T2, H S2S Bk ™ Skt B 7K (1 T
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fiE 77 B 5 T 0 A B G KT PG, FRIZ T 2R Pl A

TEARHX, FULIAEE 1 R S2S MK/ i 5 GPCC Pk s BA BUm FIAR O, AHOC REEAHALE 0.6 LA
by WITEEE 10 K BAJG R4 Tl o O PR B 7= it B A D0 R BT BE 1) 17 0.2 DL R MRZJTTHRE , HMCR HF%
K= b I A HE 22 5 e TR PO AR TR K . 53 4h, FERINGE D) 7510, SRR R BN 8L B
R AR ARMEANZE T 0.4 A7, BEBHAS A TR O R B K 7= okt B K SRR IR B A R E 57 T HL, 78
30 KT LI BT AT AR AR O I B K = B S R ERAE 0.5 LR, B E AT THE 48 T3 XX B A 21 () 25 R FE JE 3
B AN, RE HMCR [ REK AR 2 d v, (R Ml . [BIN HSS & AIK, X2 T HSS et
(/& S2S B K TR AT B /K A2 5 R A A THRE ), A IS TR IR S A oL, A T B TR,
72 LG 7S R R RNER I 2 5 4 THD PR PPAN 44500 B8 T R FE A5 o

EAREERE, ERTHIX, ECMWF FIFEKP SETIIAE 11 REVFM RS HIL T RAZE L, Tk
Ae 1B TR, 25 XA JE A AR S, BB ECMWE B F/K ™ 5 AT B8 a2k 7 PR s /). HAaH S28
PR TRARAE TR LSS 10 RZJG &N TRAR 1 T A g e TF 22, Bl RS b TR K. R
10 R2ZJ5, SRl Red Ok T IR AE J1. AALRISE RAERTA[10] [11] (1200878 b A8 20 T80, %
Fe R RAE A BR BN FEAS [F) B /K TR 7= b BsF IR 23 BT i 10 R TR 25 5
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Figure 1. Changes of various evaluation metrics in terms of lead time over East Asia
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4.2. 828 FEK IR = R AE S TR R ERIFTELRRR

E AN [ 990 AL 5 A o B AR TR VAR 4 A 1 25 1] 22 S B — e AR A, 1] 2~6 AR R T TSR 1
RFIEE 10 K S2S /K= S TERF 78 DX I8 P 5 DA R A SR 23 1) 23 A FH 10 et 9

Wy 1 K, ECMWF. UKMO. KMA. CNRM. CNR-ISAC. NCEP fB# /K FiR 2E 1L 35 A i 20 [X
AR BRI BOKFIEE GPCC MK HE Y B A B m ARG, AHOC REUTE 0.6~0.9 [0 Rl i 7E MR R K
X, DL & TR O B KSR S GPCC BRSO A ¢ KRB ReI8IL 2] 0.7 DAL (H& TR b0 1 b
IKEAETEAED . FE SIS 43 XS A 58 REGITE 0.5 LRI 2).

fEMZE 7 (WL 3), B HMCR. ECCC 4, Hoe Fitgh OB S fESE M . BRI BOKHRIE LA BT i
Ko X IRAILEXHE R ZEAE 0.6~1 2 [8], 17 4% TR H O O B K 72 ot 78 RO i b o DX 4 B A 22 3 5K, 8
BT NG By X ) B KR D, A8/ N 2] i 22 8 0 I BRI AR R 2548, S BR BT 12k X R 18 B 7K
TR A K. A, HMCR BB K= S 4 E w2 E LS PU IR MR Fyb st . FiE, R, BT, 7
e S ORI A R 2 X8R s ECCC B /K TRAR TG b R0 75 i e SR X 2 A5 5 HMCR ABABAY
1H L o

CNR:ISAC

v

Figure 2. Spatial distribution of correlation coefficients between forecast and observed daily pre-
cipitation for the 1% (a) and 10" (b) lead days

B 2. Bk OTILEAA 1 R@)F 10 R(b)AIFEKTIRIEX R =8 2 E

TEBRMGE 177, BoMy CMA. NCEP [ F87K 7™ S 75 0 B b Ak i 34y X 3, LA ECMWEF. UKMO.
KMA. CNR-ISAC &K= S 7E L3 AL ER (1 B 2 Hu X ) 2R R II7E 0.1 LLF (LI 4), P BTX L FidR O 7
AR X 3350 B K S S S s o IRk E (L IE] 5), ECMWE. UKMO. KMA. HMCR. CNRM f %
IKF=EAE R SEIN  BRIOE RIS LA IR . SN IS 3 X IR A 480 2 25 Bk 1) 0.9 4#ll /2 HMCR I BE K=
it TE A BRI 7 ik b DX S BRI ZR I8 2 T 0.9, HO B /K SR 8 AR IR B8 7 B 2 i T- L B AR 0. AL HSSS
KEMIE 6), ECMWF, UKMO. KMA. CNRM [FFE7K = S EAEPN R A KR FIE. 2R 7 K6 4 X 45535
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(a) (b)

Figure 3. Spatial distribution of absolute bias of precipitation forecasted by 10 forecasting centers
for the 1% (a) and 10" (b) lead days

3. BIRPOTNEA 1 R(2)F0 10 R(0)HIBEK TR EIHE R EZ 85375 E

Figure 4. Spatial distribution of false alarm ratio of S2S precipitation forecasts from 10 forecasting
centers at the 1% (a) and 10™ (b) lead days
4. BFIRFOTAREAA 1 R(2)F 10 K (b)BIFEKFAIR Z= IR L 28 9 70 E
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Figure 5. Spatial distribution of probability of detection of S2S precipitation forecasts from 10
forecasting centers at the 1% (a) and 10" (b) lead days

5. BFFHRFOTRAIERA 1 R(a)F 10 R (b)BIFEK TR R M 2R 25 8] 73 75 [E]

ECMWF 100
S

L

Figure 6. Spatial distribution of Heidke’s skill score of S2S precipitation forecasts from 10 forecasting
centers at the 1% (a) and 10™ (b) lead days (Unit: %)
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S2.S IR Z=TT B2 RO 4 BR K Bk vk BE AR

AEIL B 60%~80%, & ATTFEAHBLIX 3500] B 7K S o 15 R A2 BB B (IR RE 7 s T HMCR BB 7K™ i AE 2R T
HE R b JEPNARER O 4 XA K HSS R 10%.

SRS, LA 1 K, ECMWF, UKMO. KMA. CNR-ISAC [ F#/K TR FL A k6 88 v i TR Ag
FLERVEEEOR: 1 HMCR (8 /K AR AE 4 3ROCHR 7 IR I 22, & VG BN AR TR h O i 3K ot
A1 T UL B M Sl 8], HAHZEA K. Ak, s mamm s, & Wk g OB R EREILE I B
TEPH BORHE R IELT, Fial& KMA. UKMO HIFEK TR BRFE . JERK. RILH R I BG4
ARSI Hr VDB X B R IS4 2 o TSN 10 KRB, ASRI TR 0 B A= it 1R 22 S8/, STRULIAER 1 R AH
Eb, 0T BEZK B PR e 70 3 T B, AR AN R T ™ dh 2 8] ) 22 S 5 U 1 RIS — 5.

5. ZitE5RE
5.1. &g

ARAERERREE |, i 1999~2010 41 S28 B 5 F /K i 244 A1 GPCC MK Bm A7 xf b, 434 1 S28
FATERBE K I TR EE 1, 38T 4518

1) fEABRIXIRAN, S2S /KR ™ i (1 Tidi B 77 Bl 6 T W 0 3G K i B, 7258 10 RUAE& kT
2% H LT R TR e

2) 7E 10 RN, ECMWF. UKMO. KMA. CNR-ISAC FF#/K ™ i 5 H 8 R b0 b F7E 2 BROKHB
Iy IX SRR B S A A TR A Jy, JLE A VSR ECR; 1 HMCR MK TR S 78 A 3RO 2 X SRR B 2, & )
YRR N AR TR X K TR BE A TR i 2 (8], HAHZEA K.

3) AN, £ 10 RFLA, SFRORBEKBEREILSEM . BN, Wi AFT R
By, FEAlE KMAL UKMO 1R K RERFEBCRNE . AERR R0 AR BB R i, 17 3L e Hh X RIS 22

52. BE

ARSI FLEE R RE DY S2S BEK TR ™ dhfE R BRRUZ BN R M 17— € S5 . (HAW ST S28 B H %
IR TR BE JIREAT T VRO, JFRIS KK RE, R AEX W] & BRI S28 Bk 7™ i BEAT it sk /K S R AR AL,
BEATRIESE, PIrCL R — B8 i 22 B IE S5 T7VEH S2S B /K Tttt ™ i B2 T AR i it o, 9F 8 LG AR A TR F T

FETES
E&mE
[ K E AR A EE S EIUH (51779176), B4 T A RIRBUOR & R IRAA 23
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